One sentence summary: Networking is an important activity that features in many career success stories; vital for accessing communities, it is a recognised competency in the job-search process, helping bioscience PhD students and postdoctoral researchers to gain an advantage in an intensely competitive job market. Editor: Beatrix Fahnert † Sarah Blackford, http://orcid.org/0000-0002-9386-2413
INTRODUCTION
'Bacterial communities often synthesize and embed themselves in a sticky polymer matrix known as a biofilm which provides a safe environment protected from many environmental stresses. For this mode of living to be successful, the members of the community need to communicate. . . ' (Atkinson 2010 ).
Atkinson's words stating the value for bacteria of being part of a community or network rings true not only for microbes, but also for other species-including us humans. That is to say, if you are aiming to live in a safe environment, protected from stresses (here, defined as unemployment or underemployment), you are likely to be more successful if you connect and communicate with others.
People's life decisions are highly influenced by the communities in which they reside, including their educational aspirations and the jobs and careers they choose (Bosley, Arnold and Cohen 2009; Mudhovozi 2010) . Academia is an example of a micro-community; its particular culture and structure is generally similar wherever you go in the world, including its propensity for temporary research posts, but with a demonstrable shortage of permanent positions (Ates and Brechelmacher 2013) . Surveys of postdoctoral researcher (PDR) and PhD student (PGR) aspirations reveal consistently that their favoured career of choice is that of an academic (Slight 2017; Vitae 2017) . However, this poses a dilemma, since, although the amount of externally funded PhD studentships and postdoctoral positions has risen steadily since the 1980s, the number of internally funded permanent academic posts has remained static (Cyranoski, Gilbert, Ledford et al 2011; Schillebeeckx, Maricque and Cory 2013; Powell 2015) . Despite this, and even when fully aware of this disparity, up to 50% of PGRs choose to embark on an academic career path, applying for postdoctoral research or teaching posts as their first post-PhD job (Slight 2017) and 80% of PDRs aspire to an academic career (Vitae 2017) . Surveys of science and biomedical PhD student destinations, conducted respectively by the Royal Society (2010) and the National Institute of Health (2012-represented as an infographic by Polka 2014) reveal the fall-out from the academic career path, as fewer and fewer early career researchers progress to the next career stage or achieve a tenure-track position. Permanent research-only posts within academia are rare, so most mid-career and senior postdocs are obliged to move from one temporary post to another, relying on a series of shortterm externally funded research contracts.
Attaining a tenured position is not easy, however, nor is the process of breaking out of the familiar academic community into a non-academic career, even if it has better job prospects. Set in the context of the academic community, this mini-review will draw upon studies that reveal the interplay between those within communities and the influence this can have on an individual's career choices. Career success and networking will be defined, followed by practical examples of communities relevant to bioscience PGRs and PDRs. Finally, the process of networking is examined, signposting ways to develop and improve upon these vital skills to harness the power of communities in the pursuit of careers within and outside of academia.
THE INFLUENCE OF COMMUNITIES
The influence of communities on people's careers is complex, as noted by Law (2009) This observation is particularly powerful when one considers the singular nature of the academic environment and the relatively uniform career paths and types of experiences to which early career researchers and students are exposed. The relationship between PGRs and PDRs with their supervisor(s), to whom they pay close attention for advice and opinions, could be likened to that of a parent; there are those parents who empower their children to aspire to all kinds of careers, and there are those for whom anything other than following in their own footsteps is considered to be a failed career (Mungai 2014) . Perceived failure can sometimes, unwittingly, be compounded by family and friends too (Kong et al. 2013) , who may react negatively to their loved one's decision to leave academia or science, questioning their original motivation to achieve a highlevel qualification and its career currency. Furthermore, the familiar academic environment plays its part in influencing career choice; change is a difficult process in itself (Adams, Hayes and Hopson 1976) and leaving academia into the unfamiliar territory of the 'outside world,' compared with staying in place, can seem a daunting prospect (Pain 2016; Schutte 2016) . The situation has been referred to as a 'velvet rut'-it is a comfortable place to be, even if it's not progressive-and it's even more perilous because of this very fact (Severner 2004; Slater 2012) .
Ways in which communities transmit their influence to individuals were divided into five modes by Law (1981) ; drawing on a variety of research studies, he listed these as being: (i) Expectation: cues, pressures and enticements that are often embedded in groups; (ii) Feedback: peers within a group can influence a person's perception of themselves; (iii) Support: reinforcements and encouragement that group membership can entail; (iv) Modelling: role models within a group to which a member may identify and (v) Information provision: described by Law as 'the communication of impressions, images and data that people distil from conversation in groups of which they are members.' These 'modes of transmission' imply that community influence is complex and can act to both positively and negatively impact an individual, arguing the case for them to weigh up, objectively, current influences and how and whether to act on them. Similarly, networking into new communities will also offer positive and negative experiences. Set in the context of the academic community, bioscience PGRs' and PDRs' career decisions may be unduly influenced by the belief that achieving a permanent academic post is the only indication of career success. In recent times, Higher Education institutions (HEIs) have been attempting to broaden career horizons for their PGRs and PDRs by developing internal policies and practices to provide career support and networking opportunities (see Table 1 for examples), facilitating meetings with people from a wide range of professions with whom to gather job-related information and to network. Even so, engagement with these networks and events by PGRs and PDRs is patchy, and they may even be discouraged from attending by their supervisors, although guidelines and principles, such as those published by the European Commission (2005), National Postdoctoral Association (2014) and Vitae (2008) , aim to encourage supportive working practices within academic institutions.
NETWORKING FOR CAREER SUCCESS
What is 'career success' and how can networking help to enhance one's chances of achieving it? The ability to grow and move forward in many careers depends, for a large part, on communication interactions within and across boundaries; in other words, one's networking capability. de Janasz and Forret (2008) quote a figure of 70%-80% in relation to the number of jobs obtained through networking and emphasise its importance: 'In this era of boundaryless careers, with individuals making frequent career moves and needing to get up-to-speed quickly, networking is seen as a critical competency'. Indeed, during a careers event at the European Science Open Forum 2016 meeting, representatives of both large and small bioscience companies agreed that as many as over 90% of jobs are secured through networking (Blackford 2016a) .
Within academia, PGRs and PDRs are likely to work within quite narrow limits in terms of their specialist knowledge and community of colleagues. Furthermore, science is an international endeavour and so a proactive approach towards networking, reaching out to those working beyond their immediate environment, including other institutions, countries, disciplines and career sector communities, is likely to be beneficial for their career success.
'Career success' can have different meanings to different people: Wolff and Moser (2009) defined 'career success' as being the 'positive psychological or work-related outcomes or achievements one has accumulated as a result of one's work experiences.' Referring to the work of Arthur, Khapova and Wilderom (2005) and Gattiker and Larwood (1989) Bowden (2012) reported on a meeting where over 100 representatives of European funding agencies, research councils and universities came together to define what they perceived as being career success in the sciences. The list generated included factors such as: generation of research ideas, publications, awards, funding, employment, flexibility and security. Pertinent to a career in academia, some of the listed factors are highly applicable to most bioscience PGRs' and PDRs' perception of career success. However, for those considering non-academic careers, success may be defined more broadly. For example, Schein and Van Maanen (2016) provide an assessment tool to facilitate people's awareness of their work values and what motivates them most, such as: technical/functional, general management, autonomy, entrepreneurial creativity, challenge, security and work:life balance, to help them to define their 'career anchors. ' Eby, Butts and Lockwood (2003) hypothesised three competencies as being predictors of career success: 'knowing why,' 'knowing whom' and 'knowing how.' 'Knowing whom' related to networking, and for the purpose of their study, they identified two key networks that might positively influence career success: one's developmental network (which includes mentoring), and the extensiveness of one's network within and outside of an organisation. Personal career successes as a result of networking are exemplified in the career profiles of many tenured academics and PhD-qualified professionals in non-academic careers e.g. those featured in Blackford (2013) , PhDCareerstories.com, www.vitae.ac.uk and www.icould.com.
TYPES OF NETWORKS
Different networks offer differential opportunities to individuals depending on their career goals and the purpose of joining particular communities. Granovetter (1983) distinguished between the value of networking with those we already know and with whom we have strong ties, and reaching out to acquaintances and others with whom we have weak ties. He recommended the latter strategy as a way to extend and develop our networks, a strategy acknowledged more recently by Gladwell (2005) and further supported by Eby, Butts and Lockwood (2003) and Wolff and Moser (2009) , whose research indicates that extending networks both internally and externally can assist with career success. In the context of academia, internal networks include other research groups within the same or similar fields of interest, and can offer vital developmental support such as mentoring. External communities, whose members are close, but not too close, are of particular value to bioscience PGRs and PDRs, whose research fields operate across the globe and for whom specialist non-academic career options are also likely to be distributed widely (Long and McGinnis 1985) . In the following list, I describe six types of networks relevant to PGR and PDR bioscientists and, by extension, to those of other research disciplines at a similar career stage.
Personal networks
Personal communities such as family members, friends and people within the local environment in which we live, have long been a vehicle to enhance career prospecting (Arthur, Khapova and Wilderom 2005) . These communities represent our 'social capital,' described by Wolff and Moser (2009) as being the starting point of our network from which we can gain differential access to people and communities. This can include a person's current seniority level giving them access to networks, which offer advantages that are inaccessible to more junior colleagues. Social capital can also depend on a person's family background and the social circles in which they move, the country in which they live or have citizenship, ethnicity or their school and university's reputation (Minsky 2016) . Those with whom we associate in our personal networks, both directly and indirectly, can be surprisingly helpful in our job search (Silliker 1993) , although as noted by de Janasz and Forret (2008) , social capital is also a fundamental source of network inequality in terms of factors such as access to knowledge and experience, influential contacts and hierarchies.
Academic-related networks
As much as personal networks offer disproportionately advantageous connections amongst individuals, this can be re-balanced to a certain extent by drawing upon more recently developed networks to enhance our social capital: When students enter their university community they culture new relationships with those who may be more influential so that they build new and more relevant contacts. Ultimately, current and former friends, peers and colleagues become valuable connectors or sources of information, and alumni personnel create networks of former students who are also more disposed to offer assistance (White 2008; Pennington 2011) .
Internal professional networks in which PGRs and PDRs reside generally include their research group, department and institution, as well as collaborators, partner organisations and funding bodies. Peers can have a powerful influence on career decisions, especially within the close confines of the academic community, as reported by Gorrill (2017) . Progress within academia or into non-academic careers can be enhanced through knowing people who currently belong to more hierarchical or relevant non-academic networks (Hubrath 2008) ; making links and developing relationships with people in a range of targeted networks, who will act as supporters and even mentors as we navigate our careers, is a proven key influencer in our career success (Blickle, Witzki and Schneider 2009; Powell 2012) , as described in many on-line career case studies e.g. PhDCareerstories.com, www.vitae.ac.uk and www.icould.com.
Working within academic institutions also presents opportunities to connect with people who are in non-research careers of potential interest, such as research support roles, IT, marketing and project management, since they are co-located on university campuses or research institutions (Armstrong 2007) . These staff members are more accessible and may be willing to assist by offering, for example, insights about their job and working environment, work shadowing and advice on transferable skills. Some individuals, for example specialist career professionals, can also act as a useful networking bridge or 'node,' as described in Forret (2014) ; many are connected to a large matrix of professional networks and can act as trusted sources of 'hot information' (Hodkinson and Sparkes 1997) , suggesting potential contacts and even making introductions.
University graduate schools and doctoral training programmes also create communities for postgraduate students, many of whom enjoy the benefits of being part of PhD student associations (Waltz 2014) . In recent years, postdoctoral associations have also started to emerge in universities and research institutes, creating similar communities for early career staff members, who may sometimes feel isolated within their institutions (Wickware 2000; Arnold 2014; Bruckmann and Sebestyén 2017) . At the national level, organisations such as the National Postdoctoral Association and the UK Research Staff Association serve their community members and, in 2014, the International Consortium for Research Staff Associations, iCORSA was launched, with the aim of bringing together these national networks. Table 1 provides examples of three student-led associations but many more exist.
Internships and work experience
Undertaking internships and short periods of work experience are more commonly associated with undergraduate students and, indeed, many formal programmes exist aimed specifically at students in particular stages of their education. These experiences usually serve two main purposes: first, to gain an insight into a particular role or work environment and; secondly, to gain access to a new community of professionals working within the organisation. As reported by Jensen (2009) in a survey of graduates' experiences of internships and other work experience: 'Sometimes, the work experience and the personal contacts created during this time means that the graduate could to a certain extent bypass normal recruitment and selection processes, or at least have a distinct advantage over any other potential candidates. ' Universities, funders and research institutions are recognising the value of these experiences for PGRs and PDRs by introducing internship programmes either as a compulsory or complementary activity during their studentship or contract. Examples include the UK's Professional Internships for PhD Students and Sweden's Karolinska Institute's internship schemes, whereby PGRs and PDRs, respectively, are assisted to secure short periods of work experience with employers outside of academia. Whilst reviews of the outcomes of these experiences have not been formally published, individual accounts are available such as: 'Whilst on the placement she also had the opportunity to attend a number of conferences, where she was able to learn more about the science area and experience some aspects of facilitating a scientific conference and network with the community.'
Transient networks
We are all exposed to temporary communities when we take part in events. For example, a conference, seminar or Summer school, a department journal club, social occasion or sports event. These occasions provide short-lived opportunities to connect with fellow participants and require quite intense networking behaviour. Tactics for effective networking during events include a variety of actions as described by Haynes, Adams and Boss (2008) and Holstein (2013) . For example, preparation and planning to increase the chances of connecting with potentially useful people, e.g. examining the speakers and registrants of an upcoming conference and even sending an introductory email or social media message. Furthermore, taking a proactive and flexible approach, being curious and joining in events and activities not only helps to broaden one's network, it can lead to positive chance encounters and happenstance moments, usually described by people as being 'their lucky moment' (Mitchell, Levin, Krumboltz 1999; Wiseman 2004 ).
On-line networks
Social media platforms, such as LinkedIn, Researchgate and Twitter, have, to some extent, democratised networking, as people gain virtual access to those with whom, previously, they would never have had contact. Termed 'networked individualism, ' Castells (2005) In the context of academic networking, this can include professors on Twitter who choose to connect and swap information with students, PhD-qualified people on LinkedIn in a range of non-academic careers and work environments and specialist academic communities on Researchgate, in which papers are posted, questions and commentary abound and jobs are advertised. These social media platforms can sometimes seem like static entities, as reported by many researchers who say, anecdotally, that they are 'on it, but not doing anything with it.' Furthermore, they also question the amount of time they ought to spend on social media and away from other research-related activities, a concern voiced by Hayton (2014) , who pointed out that becoming addicted to social media can interrupt productive work. However, used sensibly, social media is potentially invaluable as a networking tool (Tachibana 2014; Blackford 2014a Blackford , 2016b Baker 2015) , even when one is not actively looking for a job, helping to accumulate connections, access additional knowledge and raise one's own profile.
Professional associations and organisations
Joining specialist organisations with a common interest is especially relevant to those working in academia, whose disciplinary interests and collaborators reside in disparate parts of the world. Learned societies, many of them registered charities funded by their membership and/or by the academic journals they own, bring together those with particular subject interests such as microbiology, biochemistry, ecology, cell biology, genetics, plant biology, physiology, anatomy and almost every discipline one can imagine. Joining a learned society community can benefit PGRs and PDRs and enhance their employability, as they network with other members via newsletters, discussion lists and committees and get involved in conferences, symposia and other activities and events (Blackford 2014b; Fahnert 2015) . Most learned societies, for example the Microbiology Society, American Society of Microbiology, Biochemical Society and the American Society of Cell Biology, amongst many others, provide enhanced networking events and career workshops prior to or during their scientific meetings to help PGRs and PDRs to meet fellow delegates and members of their community face-to-face. Access to travel grants can also enable greater independence and mobility, as well as other awards that may enhance an individual's research experience and employment prospects. Getting the most out of professional associations is further discussed by Mata, Latham and Ransome (2010) 
NETWORKING IN ACTION
The process of initiating, developing and maintaining network relationships is complex, as described by Porter and Woo (2015) , who 'untangle' the many studies published around the 'what, why and how' of networking, synthesizing them into a theoretical model of networking strategies. Key skills for effective networking can include: demonstrating interest, diplomacy, courtesy and a degree of humility; asking questions, speaking the same 'language' of those who reside within other communities; an ability to negotiate access to new communities and presenting your image or 'brand' in such a way that community members can relate to you and see the value of connecting with you (Humphreys 2013 Coleman's weightings demonstrate the impact of exposing oneself (networking) over and above that of one's image and performance. On this point, it is encouraging that PGRs and PDRs are increasingly engaging with social media such as Researchgate, LinkedIn and Twitter, thereby vastly increasing their exposure. According to Else (2014) , 'social media now allow early career scientists to come into contact with each other more often, and provide new ways to communicate with the public and policymakers.' Furthermore, as Baker (2015) points out, social media can act as a useful first step towards networking in the physical world. This is a promising development; however, it is still important that it is coupled with a professional profile projecting a favourable image. On line that means having a promotional personal description and relevant keywords, whilst in person, physical aspects such as persona, clothes and the confidence one portrays, will persuade those in different communities whether or not to accept an individual into their community, particularly poignant during job interviews (Cutts, Hooley and Yates 2015) . Because there are so many opportunities to network one's way into areas that could enhance personal career prospects, it is important to take a strategic approach to maximise the limited time available beyond the core research project. Further reading is available on the practice of positive self-presentation and networking, including blogs, articles and books: Armstrong (2004); Feibelman (2011); Blackford (2013) ; Levine (2015) ; Pain (2015); New Scientist Jobs (2016) .
CONCLUSION
This mini-review highlights studies and communications that support the assertion that networking and harnessing communities have a positive influence on career success. The content of the review is aimed at bioscience PGRs and PDRs, however much of it will also be applicable to a wider community of scientists at a similar career stage. With ever-increasing numbers of PhDqualified scientists entering the academic and non-academic job market, those who endeavour to make connections and promote personal patronage through networking can gain an advantage over their contemporaries. Competition for permanent academic posts is intense, yet this career path still remains the primary choice for many PGRs and PDRs. Staying in, or moving out, of academia poses its own respective challenges, which can be offset or overcome by using a range of tactics and strategies, many of which do not directly involve networking, but will nearly always indirectly engage other people. As concluded by Forret (2014) 
